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Abstract 
The flow pattern in the fore bay and sump of large urban side inflow pumping station is worse which causes machine 
vibration, lower efficiency and other server problems. According to pumping station features, some engineering 
measures can improve effectively the intake flow patterns in the fore bay and the inlet conditions of pumps. In this 
paper, the reasons for the bad flow pattern are analyzed on the basis of model test of the fore bay of Wuhaogou 
pumping station of Qingcaosha water resource project which is the major security project of Shanghai World Expo 
2010. The methods were discussed to the inlet flow patterns and the influence of the inlet flow patterns, and the 
measures which are multi-water distribution holes and bottom sill and guide piers were put forward to ameliorate the 
flow pattern in the paper. The model test results showed that the measures were valuable in ameliorating flow 
patterns and the inlet conditions of pumps. The engineering measures to improve the flow pattern in the fore bay are 
developed by the consideration of the analysis results and the features of pumping station layout. 
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1. Introduction 
The shape and size of the fore bay which connect the channel and sump not only influence the 
investment of the project but also influence the flow pattern in the fore bay and sump. However, the 
design of the fore bay of large urban pumping station is frequently not following the pumping design 
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standard especially in the situation of many machines and multi-outflow directions for the limitation of 
land area[1-2]. In this situation, the fore bay is mostly taking the side inflow pattern which may cause 
machine vibration, lower efficient and other server problems[3-8]. The experimental study on the flow 
pattern and improveing measures of the fore bay is based on the model test of Wuhaogou pumping station 
of Qingcaosha water resource project which is the major security project of Shanghai World Expo for 
ensuring the safe and efficient operation of the pumping station. 
The design discharge of the Wuhaogou pumping station is 7080 thousands m3 per day which is the 
biggest one in Asia. 24 pumping units symmetrically on the both side of the pumping room are supplying 
water for three districts which Yanqiao uses single side and the other side is supplied for Jinhai and 
Lingqiao. The design heads of the pumps for Yanqiao district, Jinhai district and Lingqiao district are 
respectively 67.6m, 28.5m and 70.7m and the design discharges of the pumps are respectively 5.449m3/s, 
5.152m3/s and 2.18m3/s. The coattail-type distribution channel supplies water to the three fore bays 
placed on the both side of the pumping room. The diffusion shape fore bay with an 40° spread angle 
distributes water into four pumps. 
2. Hydraulic model design of the pumping station 
2.1. Hydraulic model layout   
 
Fig.1. hydraulic model layout of the pumping station 
According to the features of side inflow, multi-direction water supply, large discharge, high head and 
etc, the open style and self circulation integral normality hydraulic model is chosen for the test showed in 
Fig.1. The test model is consist of water supply pool, regulating pool, main intake pipe, intake well, water 
distribution channel, water distribution holes, fore bays, sumps, pumps, out pipe, backwater channel and 
control measure system. 
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2.2. Similarity criterion 
Considering of the similarity requirement of the flow and the selection of the pump, the linear scale 
between prototype and model is λL=8. The model design is based on the gravity similarity criterion for the 
flow in the fore bay with free surface. Therefore, in model test the Frm is equal with the Frp, where the 
subscript m and p is respectively represent the model and the prototype. So the velocity scale is 
λV=λL0.5=2.83, the discharge scale is λQ=λL2.5=181.02, the time scale is λt=λL0 5=2.83 and the roughness 
scale is λΔ=λL1/6=1.414.  
2.3. Measurement technique 
Discharge 
The discharge of the pump is measured by electrical flowmeter established on the out pipe. The thin 
wall measuring weir is set in backwater channel to measure and calibrate the discharge.  
Water level  
The piezometric tubes set along the flow path are used to measure the water level. 
Velocity 
The photoelectric flow meter is used for velocity measuring and the data is collected by the computers. 
The velocities of some measure points of typical section of sump intake are collected by the ADV. 
2.4.  Test method 
 
Fig.2. measure points layout 
The observation of surface flow patterns and the measurement of typical section velocities are included 
in the experimental with same test condition. The surface flow patterns are expressed by the suspended 
tracer. Combined with image pick-up method, the distribution of the recirculation region and wake space, 
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the position and kind of the vortices and the move condition of the flow is observed by the former method. 
Based on the observation of surface flow patterns, the further analysis of the flow pattern is though the 
velocity distribution map drew by the data form typical section.  
In order to compare the flow pattern with different layout plan, the typical section of the sump intake is 
chosen for velocity measurement. Fig. 2(a) shows that the measure points are placed in five layers from 
the bottom to the surface in vertical plane. In horizontal plane, each layer has sixteen points named form a 
to p showed in fig. 2 (b).  
3. Analysis of experimental results  
The fore bay though a bottom hole connects with the channel is typically lateral style without any 
rectification measurement. The size of the hole is 10m×8m. For statement convenience, here define the 
orifices near the head of the channel is upstream side and the orifices near the end of the channel is 
downstream side. The flow pattern of the fore bay is tested in different operation conditions. The results 
of the experiments show that the flow patterns of the fore bays supply for different directions are overall 
similar and the water is side intake into the fore bays. The current entranced into the fore bay is 
centralized at the bottom of downstream side. In the diffuser of the fore bay, the current is centralized at 
the downstream side of the import and the upstream side is a wide range of recirculation with serious 
spiral flow and water swirling. Because of the flow pattern, velocity at downstream is fast than the 
upstream velocity. Therefore, the current at downstream side is straight into the sump as well as the 
current at upstream side is developed to obvious oblique flow. Although the current is adjusted to some 
extent for the longer sump, but the velocity distribution is still nonuniform in each sump. The bottom 
velocity is large than the surface one. In addition, the velocity near the wall is large than the inner one in 
the sumps at the edge of the pumping room. Fig.3 shows the velocity distribution of the typical section of 
the sump supply water for Yanqiao district with four pumps work at design operation condition.  
 
Fig.3. Velocity distribution at the typical section without rectification measurement 
From the analysis of the test, the main reasons for the bad flow pattern are concluded: (1) the current 
from the channel is though a 90° corner into the fore bay, that is to say the turning radius of the current is 
smaller. Thus the main stream of each hole is all at the downstream side and there is nearly no intake flow 
at the upstream side; (2) the bottom hole intake style, the larger diffuser angle of the fore bay and the 
shorter fore bay limit the space for adjusting the flow pattern. Therefore, a wide range of recirculation and 
oblique flow are developed in the fore bay. 
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4. Experimental study on the rectification measurements 
Considering the requirement of the layout of the pumping station buildings and adjustment of the 
design as minor as possible, the rectification engineering measures research deeply based on the study 
findings of flow pattern experiments without any measurements. The flow pattern of the fore bay is 
significantly improved by the following engineering measures are adding sill and division pier and 
changing the shape of the water distribution holes.  
4.1.  Inlet flow pattern improve measures  
In connection with the analysis of the fore bay shape and the water intake and distribute style, the 
following two improve measures which showed in fig.4 are developed on the foundation of the 
comparison of the experiments with different conditions: (1) multi-water distribution holes program. In 
this design, four small distribution holes each size is 4.5m×3.5m instead of the previous big bottom hole 
and three 8.8m high short walls set in the channel; (2) rectification with sill and division pier. Considering 
of the adjustment of water allocation and current direction in the fore bay, splay-type division pier and sill 
set in the diffuser of the fore bay for rectification.  
 
Fig.4.   layout of rectification measures 
4.2. Analysis of the experimental result with improve measures 
After taking the measures which mentioned in above paragraph, the division effect of the panel walls 
between the holes and the three short walls is valid to improve the inlet flow condition. The poor flow 
pattern at upstream side is eliminated because of the flow of upstream side is nearly equal with the 
downstream side. Hence, the fore bay has a better inlet condition. In the diffuser of the fore bay, the range 
of the rectification is smaller and the oblique flow is obviously weakened for the adjustment of the 
division pier. Meanwhile, the current is redistributed by the process of the sill and the division pier and 
became more uniform. The rectification results with different operation conditions are well for the 
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currents in the fore bay are smoother and the velocity distributions of the inlet section of the sump are 
nearly uniform. Fig. 5 shows the velocity distribution of the typical section of the sump supply water to 
Yanqiao direction with the condition of four pumps working simultaneously.  
 
Fig.5. velocity distribution of the typical section with improve measures 
5.  Conclusion  
In this paper, the rectification engineering measurements are developed and the reasons of the 
appearance of the poor flow patterns like wide recirculation area and oblique flow are identified on the 
base of the analysis of the experimental results. The model test results showed that multi-water 
distribution holes program and rectification with sill and division pier are valid in the improvement of the 
flow pattern in the fore bay.  
The results and methods of this research have some useful reference value in the construction design 
and flow pattern improvement of the inlet system of large urban side inflow pumping stations. 
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